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Crop Management Effects on Crop Residue Productionarid Changes in Soil Organic Carbon in the Central Great Plains
Joseph G. BenaminC Ardell D. Halvorson, Davld Christopher Nelsen,and Maysoon M. Mikha

ABSTRACT
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Table I. Details of cropping htstory for rotatiOns, 2001 to 2007.
Year Rotationi’ Crop Variety Row spacing Population N’P4(—Zn

ni sedsha200 CC corn Dekaib DR 493 0.8 80.000 16002200—0
Rot bran Red a 0.8 150.0002002 CC corn Dekalb DR 493 i.D. 80000 160-2200—0
o’ usury ocoi COn C:. B 4) kg ha 634-43—01003 CC corn Nh N4297 0:8 96:000 215—22-400
ot 0 snaps 567 08 70100 34—20-860’2004 CC corn Lassr L62C2 3.43 86,000 Cl 5—2200-0.6
Rt corn User L62C2 0.8 86000 215—20-0—0.62005 CC eorn N65.C5 0.8 86,000 115—22—0—0.6
Ro ea Arwka 0.18 4 IC 18—34-1*32OC6 CC corn t73C7tR 043 86,000 215—200-436
Rot wheat Jaguleene 0 18 4) kg loG 6863400491007 CC corn Nh NT CCI 043 86,000
Rot sunfOwer Triumph 567 0.8 70,000 34—2.2—4—0S 4btres:atioss OOO5flOS : SOW flOSUS :WrS Cc sos

..sti that this deposith o in the tleOi is a is .. ustriisonsr to
t[Stm C• .c1e and —u•-t be included in the arssJbsis at the held level.
1 sfuoou Ct al . 2006) suns minion the o ‘ntnhntons iii dirfhront
plant parts stool different plant species to SOC and gave guidna
Irlcr tort neluding the contributions - resort roots and rhieodepo.
.sition to the rotai C cvde when analyzing changes n SOC

Coder dryland condition5in th central Crest Plains of the
United States increasing cropping intensity has potential bar

SOC stocks due to increased residue inputs Pctcr
son et al., 1998; Halvorson cit al. 1.999; Benlamin ci al,, 2008,
it is expected that. under irrgatrcn. an even greater
in SOC could be attained because ot the greater pruductoo
itv ofirrigared systems compared ‘a ith dreland ss’ctems in
this Jimate )Halvorsors or al., 2009; Halv teen and ohnsun
2009). However, irrigation may also increase C mineralization,
leaW ng to no net gain in Sequestered (
re obectivos ot this study were to determine; ii) changes

in St )C with sarvi ng Uvels cPU additirins worn rop residues
and root hiornass and . ii) the level of crop re.si.due. removal that
could he sustained without ctNt.)U from j5’

MATERIALS AND METHODS
The study w;ss conducted at the USi.)AARS Central Great

Plain Research Station near Akron. CC) )35
- 10G9 001

eiovatics I 304 ns). liar research statson location isw itlsin a
semiarid cii [nate iSO. tO ..[)‘5i[ )iiatclV 43) SOt [0-JO [[it [[[[51 mstecipi

c ci! is a ACid;1Crnoo Tisse, snicctitmc, ;oeamc stridic
A rei)msr’c Its). Tb. is ‘ii Lss5:.) D. Op Nor . IOu ff mm about

I. 000 t.s[rn 1st strucru tOO to s. 1ev [05501 lIt : O,o[LoO

•seith [l)ar- t.O [550t i0111
- hamsa sm .lar blocky strs;cn..; re woods 0ss’ss

s.slsnmt 17 so 14 sOS as.OtO.ssm;lossth 0001 0.sc[O[ 05 silty .7

Br2 hs.rric.on. al.ss.s with. Poe to medium suh;sogular blocky atm
mire oisa)vsut 41. .0 SiltO cliv iitn 102 h ri cs5n v’rO home ott

mcdinrn suhsngoiar iaiockv exte.ncis to ai.rout 64 e.m.
lire irrigstion-tiIl:rgv-crop ti5tt[Ofl cap-crunch t Os rtrd in 2)0)1 -

The experiment was organ;zed su :s s.plit-’plot d0sign with three
rephostriors. Plots acre 18 ho 9 or. ho or on plot was an irrigation
treatment c.sf either full rr delayed i rrig;stion. to t ise full irrigation
treatomeirt ;rri it [00 W:mtc 15055 .-iptt) roil weok 0 555 tO .u lateral move
ittfi.itiOO svste.m. irrigation rates werr- brrscd s.ns raleui.ared crop

he rs-:prr:transp.itrtiu-mr her ,ands iE.1 -.01 len, 10)..))); ].ien et
al., 1998 Nielsen and Hi.n.kle. 1996; Tensen r’t ;,rl., 1.991.9. Credit
son greets tIe any mamnrail that week. In tire Jelared irrigation
treatment, water was not apliiid during the coop’s vsuetativc
growth sraos, i)s;rrsg reproductive stages, sister seas spp-lied st
tire calculated rate for the fully irrigated p1ot l)ue to d.ry overall
srrrlcrnditioos in 200+. all plots nero fulls- irrigated

Crop rotation and tillage s-uhpiots’ were randonsiz.ed witlsin the
m,rrn irrigatirsn plots. A NT’ oonsmsted ofdrrectlv piano op -otis the
previous crop residues, A UP system consisted of a fa.II CP opera
hon (I 3 m deep with a parabolic-shank deep ripper. The shanks
on the ripper had 0,i0m centers, [he trudge was o11owed in the
spring by one or two passes svith a mulch treader to break up ole,ds
and smooth the soil sui’face in preparation ror planting. Depth of
operation of the mulch treader was approxinatelv 50mm. l’s,vo
crop rotations were used in a brctorial arrangement s ith tillage.
One rotation (CC) consisted nt continuous corn production. lire

it riP
.,, i lb 1

broadleaf ;snd grssss sper. es, with the tostentia.l to usc less irrication
‘aster iN air sorn. Rs’tatron rOots gross- cccl +ci0’res le-an
r’rsiigarrs L.) in 20301, spring barley ).Hhrdessm tm/parr- C) in 2002,
srr liHOSVOi ‘ IL fi,rntIs;; .rnnmru.s P - ;n 21103. r’ s-n n 11J(.ia, sph op
pea (J’isusu ,oztir.’r.rm L,) in 2005, winter svheat (lki49.m,n cOoctj vow

LI ii., 12006, and ‘rmnPrasser so 2400 C)etauls 0f the sr-rpprnm5
ton- also1. rrranageoserst are shown in T,shle I. Previous ers.spping

irr’,parirsrr-sirrs,eat least 1991. No corstrc.:rlk-d osaelsirsery trathe
P.- rn-0 r- os-ri n-cut size

mo,rchii err w-orki rrg -,vidtf .s was and-s that t.he wheel tracks’ bar
Pets1 i;rnc.ratmo irs (1db wed a s•nnt roil Ies-f. ‘.‘: heel.

I sa.nlple a a sec.- s.r..si iconI i’ us tie spri rug sat 1)11.1.1 in rir.)mO
rra ked ;srcnss before nlanti mg For SO(1’ ssmssslvaic.. Rssornl-0s‘nero

soil saropler (Ciddirmgs- Machine Co.. \X7indsrrr. ( (35. frorsi. the
s) toiS.snd IS tsr- 00-on depth’ furor scmhsaii;p.les .er p-br.
composited b.-’r tIre nsain sample. Separate sa n.-rpir-.s we’re cub

ii C II

Tffontion rsistrc’ ePic br,snd rn;imr’s arm’ fir info
ii s

hoe) csther. silr-ril;rr brarads.
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Tabks 2. jfufjfl add irrigation for the growing searorof crops
intiisstudy_____

Year Crhe
britiod ffl Irtlpelon TOtaltreatment

. cr5
corn full

delayer.

red kidney bean frill

delayed

sO
dthyed

spring barley ftrll

delayed

corn fl•

d:eiayi5d

sunflower full
de:athd

corn frill

delarfdd
corn full

delayed

delayed

.fft...:peafijil.

ful[

delayed

winter wheat full

delayed

corn full

delayed
sunflower full

delayed
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where residue is the mass of residue left in the held,
An estimate of the bciowground root and rhizodeposition

carbon (Crout) produced each year was calculated from the
mass of aboveground plant material using guidelines provided
by Johnson cc al, (2006)

[4]

where krrr is 0,6 Ecir corn, bariesa wheat, pea, and dry bean and
02.% fdr sunflower, The total cdiboo retu.rned (Cr,..rurn to the
nail was calcu.lededbv

Analysds ofvariance were conducted to deecirnain irrigation
t.i.ming, crop rotation, arid tiilage e.ffcicts on crop residue.produco
tiori arid OC, A protected LSO ted was used hi ddtcrmisae’
treatm.ent d.iherence.s, ‘Thu LSIi was used to disti.rcguis.h.ereatssaent
ethc.ts only if the F tetS was. s.ig:ni.fkant at the 0105 probud: iliey leaei,

RESIJLTS
t lot n’’(’n (I) Es

rhrc h srrs is .p h
f’s is o c as ( ‘T cci ‘ror sn,,al

of I I’ d r u ch r ir ig n c
“3 an ‘ dri rat’

[1] hI,
‘a ‘ a. lip

tEst , a h’s r
a , s, I I I’ a ‘‘

isa, c
‘ r I I . h’ e , u a nor’ , ‘it

Ear.h war the aboveground crop. res.idue remain.ing after
harvest wits nat, .asured., FoP dry bcfun, field, pea., spring harley,
and winter wh.eat a I m2 area was icIer teci ra.ridomIv in the plot
area sE:orti hehare harveat, The plants in the area were clipped
at g....’.oun.d level, plaited in me.sh ba.8s’ a..nd.. a..iiowed to air dr TEst.’
gr wa..s thresh..ed dons th.e s.ampie and. ths.’ grain and. a rop res.i
due. ws..:ights slet..crrrsi.r.e:d., A subsamp.ie f rE.e crop residue. was
i.rven dried ct. 7f5’CZ fd ,: 24 h to determin.e water content, Grasp
rss.sidu’e .‘iefds wert.’ e.xpre.ssed on an s.ave.n dry ha.sis,

For c.orn. and. sun.lkawer,. Pour typical pian.ts were sclecte.d.
fro.m each .pis;at, The p.’Ian.rs webb cl.i.j. ped gr.ound i.e.vei., pI.aced..
in rsse,sh ha.sg.s.and a.hiowed to dry, The grain, was she.1I.ed. from
tIPe cob or head. and. the. 13r.ain and crop residis..e ‘u eights deter’
m.ined,.A subsathpie of tide: crisp residue v.’as oven drh..d. at 70”C
ror 2is Es c d..tesm ne u errs prelit Prop residue aerphr Ocr

plant adjusted t s a wen dry basis and we sst,rcd ph snq opo
iatihn at harvest wc.re us.ed. to cai.c.u.Iite crop re.sid::us,. yield.,

Estimation of the C content in tEst. grain and cro.p residues
produced on each p1o..t used guidelines provid’ed b Johnson cC al,
2006 The carbon rontcnt of I’s. goon train’ sass ralaslatcd 1aa

32 2

32.2

32,2

32,2

l8...3.

18,3

8.4

34,5

3.45

34:5

.34.5..

325

32.5

32.5
3.2 .5

394
39,6

19 .8
19:8

26,7

26,7

20,6

201.6
2414

24,4

24,4’
24,4

32i3

17.8

32,3

17.1’.

28,4

27.4

244

37.8

28,7

378
‘2:87’

38,1

38,1

38,1

38..l

281”

16,5

.‘..3:,3’

76

44,5

23,5
21,6

I 2.7

36,8

22,9

36,8

22,9

64.5

501.0

64,5

50.0

54 1

447

358

32.8
72,3

63.2.

632

70,6

70,6

70,6

70.6

68.2
56,1

3.

71

50,2

42,2

61,2
47,3

61,2

47,3

wnere grain as tne rs.:ia.ss.or narvs..stect gsaun. “Inc carbon content

of the crop reisidrie (G’r)s) waitititicuiated by’

0,4 res.idue

SOC d S(”)C I0”
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19,4 Mg ha C111 whi1 the dejaved irr!gat400 D-L piutS pro
duced 23ff Mg ha oLrop residue. The mliv irrigated Rot plots
ptodured 16.3 Mg ha - C compared with I 29 Mg ha C114
Iffr the delayed irrigated puts Even though the magnitude obdif
ferenres between irrigation strategies was diffrrent, each rotation
showed a C decline iii about 20% due to irrigation. There was
no slgniheant tiliage, rotat!on tillage or mrrigatjon r0tat1on
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Tab’e 3. Carbon content of grain (C) from spring 2001 to spring 2008.
- YearIrrigation Tillagej’ Rotationt -------—--— —-----. —.-------—--— —---—-- - ----- —

-
- 2001 2002 2003 2004 ZOOS 2006 2007 Total

Full NT CC 3.64 70 4. 6 3.82 2.09 5. 7 465 2483F;ff CR CC 677 306 446 395 26-8 480 466 2037L’e4ayeo NT CC 3.63 [34 630 3.66 26.9 632 369 1814Delayed CR CC 3.29 0.95 2.70 256 3.1-4 2.43 264 1-732Full NT Ret. 1/97 2.22 [73 634 1.18 1.29 1/91 11.64rull CR Rot 108 2.11 1.58 2.70 0.20- 12 019 958Delayed NT Ret .03 1.92 197 16 0.40 1/99 695 628Delayed CR Rot 0.88 1 84 1,64 1.67’ 0 33 0 8:0 0.81 794Sounsff F’

lrr48tion (1) 052 0.0038 0 .0-88 0.15 0.22 0.01 I 0 15 0.047R-otat[on 181 <0.0001 0.001 ‘.IOO-O-C’i 00015 <0 0001 000-0-01 <0s0001 <0.0001T7bge (T1 0.77 0.63 062 0.12 071 0.61 0.24 0.28I R 057 0.099 0024 9.91 0.32 06064 6093 00361.16 0-27 0.12 666 0.70 0.19 0.95 [174 0.968 11 0.91 0.83 003 799 fl’21 0.99 0142 0.37I 8 T 0.48 010 0,6-9 624 0-.68 0.70 0-,96 0.577 ray 45+11111 : r;1u5+ 1.0 n4 iNTl 45:0- iOW 1091.
3 Rotstiorrs 11111110+ C0’1110;;OUS 10111 (CC) Slid 1,11113 gruinliresaleaf ipecies (Rot).

4 The seir forr. ;gfl;i:C)oce aS ir: gaI:dn 5151(1) 0’; Cgrors ;.1S+.j. th+ ;rr,glit;05 1,11; :51+1)511015 1-1 1411 0501 tSr’s’,. (SOP. :11:475105 sheds 111111 1.1.1110 01.11:4 1.411by crop rp1steraetron (or t6e error serfs, ar.d t111a.ge irr)gatio.o 1.414.111 were remsed nghe irrigation - siIiage ‘ rep iht.440tidnfOr (64 errOr term.



Table 4. Carbon confent of crop residues (Cr) production from spring 2001 to spring 2008.
Year

Irrigation Tilbgef Rotatsont 2001 200% 2003 2004 2005 2006 2007 Totaltlgisa
Full NT

8”

400 3.20 416 3.45 6.27 4.23 89

Full (.7 CC 3.62 533 .3. 3 ‘78 293 6.26 4.09

7.p0240 NT CC 238 2.32 [97 3.48 2.84 706 340 24.05

Delayed 13 CC 2.44 229 2.75 2.30 4.60 4.04 3.30 21.72

Full NT Rot 1.81 228 154 .333 1.61 2,99 1.66 15.23

13 CP Rat 78 134 141 3.27 0.70 2.98 1.52 14.02

De1yud NT Rot .02 85’ .67 2.50 0.88 2.48 .71 12.10

D.pNyor C.F Par 0.92 1 95 1.46 254 0.70 2.57 1.64 11.78

.Source4 7> I
[‘ugarian I’ll

0.0054 0.017 0.. 16 0.) 3 0.95 0.63 0.13 0.013

Ratatin (7)
<0.000) <0.000) 0.041 013 0.0002 0.022 <0.0001 <0.0001

TIlbge CT)
0.71 055 0.14 0.038 0.91 0.52 0.34 038

I 8
0.39 0.0058 0013 0.34 0.42 0.63 0.12 0,002.1

I T
0.95 0.081 (121 0.45 0.060 0.36 0.99 0.29

8 T
0.53 0.44 0.0053 0.56 025 0.85 0.67 0.95

I a R aT
0.89 0.16 0.46 0.25 0.94 0.91 0.92 0.88

I Idisge rosuvos o.s1ude <o oil NT1 sod <Osol plow tOP).

S

S
‘ ‘

S
SS,S

5 , S

S

55’
‘‘‘55 15 5.5

555 5555
1S1,

555%
30.m depths “fable 5$, Both o.i tarions had similar SOC in the

13 to 15 cm and 15 to 901 cm depths in 20(31 ,‘The .:. C rotationhad greater SOC in the 0 to 15 em depth in 2008 comparedwith tfe Rot treatment, Both rotations had similar Sc )Car theto 30 cm depth in 2(108 ‘l01Le changed the SOC distribution. Tw N7’f treatment had greater SOC in the t to 15 cmdepth n 21.108 but both treatments had simdar sOC content’in the 15 to 30 cm depth in0rement,
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1.23 Lc6 cm)

2.41

Full NT CCFull
CP CCDebyed NT CCDelayed CP CCFull NT
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CF RotDelayed NT Rotelayed CR Per

(ragman II)
0.052 0.012 008’7

Raratjorss’i’t
<0.000) 0.0014 <0.0’OO)

Ti’)isgg C’
0.88 0.56 0.22
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0.18 0.0)4 0.016
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0.48 0074 0.40
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Irrigation had no eI+fct on .55CC over tlse s’even croppingseasons in rid s’stiidv (Table 63.. There was a trend toward agreater accumulation of SOC in Ce delayed irrigation treatment, particUlarly in the 15 to 30 enS depth. ‘The Rot plotsaccumulated less 506,. than the CC plots between 2(301 and2008. Less SOC seas fhtnd in the (I to 18 em depth of the Rotplots in 201)6 than the CC plots hut there was a similar amount
of’SOC at the 15 to 30cm depth. Overall, the CC plots gamed2.6 Mg h23 in the 0 to 30cm soil depth during the seven

.sgha’°
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Table 5. Estimated carbon provided by root and rhizodeposition (Cr05t) from spring 2001 to spring 200$.
Year

Irrigation TiIlagej’ Rotations 2001
‘ 2002 2003 2004 2005 2006 2007 Total
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Tab’e 6. Estimated carbon returned to so0 by crop residues and root and rhizodeposition (Cremrd from spring 2001 to cprng 2008.

NT CC 7.85

CP CC 5.88
NT Pot 3 47

NT Rca. 2.24
CP Pot 2 16

C SI hoc T!llage
had no significant ctfect on thc total accumulation of SOC but
changed the .SOC distribution. The NT plots ained I 21 Mg

IS urn laser and 0. Mg ho n 1650 90ns
layer tor a total increase of 2.1 Mg ha C.r the (3 to 30 cm su 6*

Ccc laser osoil, Coroparsnvciv. thc CP plots lost 2.8 Mg ha
fl the 1) to 16 cm layer of soil hut gamed 221 Mg ha” in the IS

to 30cm layer, Cr a total change of—C I Mg ha m the surface
0 to 30 cm. There were no treatment interactions on z3SOC.

Thie wa a sgniliaist J3 0.OOlf flositive G)rrelarion
between vs. SOC in the 0 to 30 cm soil layer çldg. 1).
Ters. s as r ot s ign h ant ror mon s C inter ueti n

Year
Irrigation TilIage1 Rotationt 2001 2002 2003 2004 2005 2006 2007 Total

toO
8*88 7.61 8.94

4.24 6.02 9.22
49.9

4.11 .539 5.26
370 474 s.f’

9.24 62.63

9.11 6143

6.99 41.64

310 3498

3.31 26.74

636 1.3.14

614

12.48

9.26 8.04

55,4

167

1.56 4..68

194 429

0.42 0.16
<7772.1 00001

184 242
0.43 0.38

099 037

354

0.99 0.65

I The test for sgnffIcance of frng5000 effects on used she irrigation .u rep lntersctfon for she error term, crop rrigauon effects were tested using the irrigotfonrop rep vets ion the rot r so olfsge rr got on ff c re e cC og 6* ii ig ion Pa e toe as o lot 0 e e r’ re

i. “i, I

vary by the species producing the crop residue. The regression
3 I I

mcdccl to maintain SOC levels under the management condh
tion’ in this studs’, ‘[lie regression line of the Cl° plotu crosued
the zero change line as 62 Mg ha indieatng an :s’et age of
214 Mg ha’1 yr’1 C.ctur is needed to maintain SOC levels

DISCUSSION
Maintaining SOC levels should. be a primary consideration

when designing a stoppIng ss stein Cr a specific location and

Table 7. Bulk density (Pb) and change in bulk density (\48) between 2001 and 2008 in a Weld loam due to irrigation, crop rotation,and tiflage treatments

5b ‘C 2001 to 2008
Treatment Variable 0 to 5 cm 15 to 30cm 0 to IS cm IS to 30cm

Mg
Year 2001 2008 2001 2008

lroganoir(ft. 6*4 152 219 46 119 —0123
delayed 1.49 1.27 1.46 1,23 —33.3

Rotation 191 0’ CC 132 I 30 1.44 1.28 —312
4 1,5* 75

TINge iT) no oIl 1.52 1.34 1.46 1,27 210.18 319
cOwl plow 1.49 1.20 1.46 1.25 .0520 —2.2f

1 0.60 0.52 0.96 2,42 0.85 0.24
9. 0.39 0.40 0 14 7 14 087 0028
2 00’ 8 2 0002 0.52 507

.u R 0.17 0.44 0.54 5.38 0.73 368
I T 0.29 0.90 0.91 0 9 0.49 ‘.65
RT 010 042 083 097 975 592
I 9 e 2 0.42 0.92 0.88 0.82 0,58 0.76
5 Rottioos inclode cootin000s corn (C5’i mid ‘*Cued prass sod h ‘osdlcof Strips (foil

or 051 111 ThoSe ot ,i ‘s5fl00 ofO’rts ‘*0*, *od1; IsuS 15,0 501101’:” ‘i’o’,,lfr,*,:*l*lo ‘0’ 11’lo error ‘‘‘‘rr’ot ‘5’ 0711.110 ,‘,1*u:_’’ eiC’’t:’’r’*tS’l un’, I
Sot: 00 eSr’.O”’utr,rr 51101*1555” nrr’,gSoOrS rrffeor. urns festr:O’uson5 165 u’ngaooo tolisge rep ,r:r:rr,’acsoo (or te rrrrOrrunros,
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Table 8. Soil orgaruc carbon (SOC) content and change in soil organic C content (.SSOC) in a Weld loam between 2001 and 2008

due to irrigation, crop rotation, and ollage treatments.

Soc
\SOC 2001 to 2008

G—l5cmdeprh 15—30cmdepth Otol5cm Sto30cm Oto3Ocm

#lrrigation Trl)age) Rotatlon

depth depth depthM.gha’°

Full NT
196 246 18.7 6.8 5,0 8 3.2

Full
CF CC 23,7 20.2 133 16,3 20,5 .3.0 20.5

Delayed NT CC 18.8 22.) 2.3 15.2 3.3 2.5’ 6.2

Deied CF C’C 18.5 18.1 12,5 14.2 20.4 17 1.3

Full NT
21.1 20.5 14,1 14.1 46 0,0

Full
CP Rot 21.0 16.9 ‘5 15.6 20.0

29

Debydd NT Rut 2.0.0 18.1 13.9 14.0 20.9 0.1

Delayed C’P Rot 20.1 18.2 12.6 004 209 38

Suurre5 P >

Irrigation (1)
0.11 0.09 0.40 029 0.14 0.76 0.61

Rotation 181
0,17 0.0087 0.57 0.9i 0.03.3 0.92 00.27

TIllage IT)
0.88 0.0098 0.26 0.41 0.0083 0.10 0.16

1 8

041 0.16 0.17 0.12 0.88 0.76 0.87

I .u’f

042 0.41 0.61 0.38 0.20 0.38 0.67

R T

0.51 0.52 0.64 0.18 0.39 0.49 0.18

I u F T

0.14 0.20 0.33 0.54 073 0.31 5.36

Svsntms nnIutN no nIl INTl and rhit& dow lOP).Russo., so ..so., e’o.,C di,a .‘auo ICC
. an.j trusted gras$.ruadleal Species tRot).

Fig. 1. Relationship of added crop residue C plus estimated
added root and rhizodeposition C (C.,) on changes in soil
organic C (CSOC) in the 0 to 30 cm depth increment between
2001 and 2008. NT denotes the no-till cropping system. CP
denotes the chisel plow cropping system. CC denotes the
continuous corn rotation, Rot denotes the mixed grass and
broadleaf crop rotation,

soil tYpe. Ohs’toush, a
..

op tutariun that prodn..c. note ci Op
recsdue will have greater potential Cr maintainIng or increastngSOC than one that prodnees less residue, However, economIcconsiderations and other goals such as improved pest control orincreasing Crop diversity can lead the producer to include cropsin a rotanon that produce a 1ow smount oterop residue.In this study the soil needed between s.d and D’i Mger’7 C,0,5to maintain SOC Cr NT and CP management.respeetiveh. These levels are compa cable to ‘the 6 Mg hatocrop residue.tddition (3.5 Mg ha’° cC

‘ C) hound by Larson eral. (1972) in southern Iowa and the ‘74 Mg ha” vt” 1 residueaddition (4..3 TMg ha”1 ye” C’) fLood by PRof et a], 1,2009)in eastern South [)akora, Larson et al, N9°2) and Pikul er 6.‘2U0S) did not menu tst Cr estimates of’ C5,5, attributed tocoot and rnzode.pc.oton. ‘There appeared to lynn dl fCrunc’ciol’Lr mainrainin SIX”. in this study,Die hn’sadle aI’erssp.s row ri ii’s the Rot part f this study’ d’,idnot produ.e.e so Ihirnt cctidue to ma) ntada S( 32) leeds, Red
C
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0 5 Ire t C C t ) r r,snounts is’s s’xcesr. .cf”that rcs1oiced to n’lairtisrl vv:,:ic,:, hic.seTrio its’ agr’u with WI Iheint sr a]. )2Rf’..”) to ho showedneed For resirltme rerentu”sn in a ersrn”sr’,yhean. (.d5’ir n’t e [.22. ler’r.( rotation ecsropa’ed with a e&’,nrl nut sos corn rcsrationC tsr It t 6

var)r,’sI hrtcs’r’s’rs o .2 and 13. 1 M hi
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which is needed to ms.incain SOC. Of the crops grown here onl
earn oinsrstentlv rovii1ed such levels frcsiduc.

Alt)nnus trietuli isrdatierr ttems: orc up
roaidtr. compared with the delayed irripation treatment, there were

1 1

r iii nOd ens S dir i C srth m te yin n ir I 05

Scveaa sthics Six CI C,. 009 ZOOF)i 61.ikhii and Rice, APP-i;
6icVav e.t al Cr06) h.ave shown that NT’ svsncrnr impn:we S(i..)C

S I r
on ubsoil, ‘0 ilI.e dd riot’ aithet the total SF )C storayc irs the
s’fa)C cm ofsoil but did change the distribution ISOC,

he PSF [1 itrlient snaweri an isetrase iii tue i) ti; 15w
while the C? trearnrenr showed a decrease, Howe.ver, in the 15
to dli cm lacer, the C P treatment showed an increcoine trend in

,alrh-aiph nor aynhcant, shile theN T’t,rtmitrn;nahscd
unchanged Cone 2001 to 2005, A possible explanation Cr the
discrepancy in the C ‘ci iveness of chan mu the euro our sf’S(

0 earl C tO ridOrent depths ar’sainpiinc stung

ex pe:rinnents. Christopher et , (2009), who showed inconclusive
rc’ultc Cr more SOC seguestered dv N [‘r csrnsentinal tillepe,
based their cone1usions on sOP cm soil fIle, Bowman r.t al,
(199th Mikha’e( dl, (2006) add MeVay et l. (2006) based their

ours’ ‘u ‘anlpFsnc 0rpm ot 5. or C) rio

CONCLUSIONS
Demand Cr using crop residues h,r energi production or

livestock Red may induce the farmer to rerriove residues from the
held, One must keep in mind that the crop ridus are a vital
part of maintaining SOC levels in rh held and maintaining the
benefis,ial aspects of soil organic matter related to soil chemical and
physical properties. \Ve show that, in certain production
such as continuous corn sindet Irriganon. crop residue is produced
in excess of that needed to maintain SOC. ‘These residues could
potentially be harvested hr ofld’arm use. These potential harvest
levels, owever, ire much less than the thaI crap n”idirc p.roduc
tion level and any fdasihility studies Cr offtharm use’ oferop red’
dr;es should take nto u-lit rue leaver a.mssis fitS fenrr’, resides,

can he ‘iatves ted witlsrsn.t Fiarnrirug tire soil outer.
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